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gives a powerful engineering tool that can be alternatively used along with 
complex and expensive experiments to obtain these global dynamic charac
teristics. 

2 Modelling 

Numerical simulations by the finite element method (FEM) have been used 
in most of the publications regarding to the damage tolerance in composite 
materials. Here, changes in modal parameters such as natural frequencies 
and vibration mode shapes for different types, sizes and locations of struc
tural defects in composite sandwich plates were investigated by FE vibra
tion analysis. The commercially available FE code ABAQUS [3] is used to 
simulate the debonding effect. 

In order to overcome modelling difficulties related to naturally com
plex three-dimensional (3D) finite element model of the honeycomb sand
wich structure, the sandwich core was replaced with homogeneous material 
according to the homogenization technique. The calculation of the effec
tive material properties of the honeycomb core wa....:; carried out using FE 
approach based on the unit cell conception [4]. 

The use of 3D computational elements to predict the dynamic response 
of sandwich structures is inconvenient because of the number or aspect ratio 
of elements necessary to obtain rea...5onable numerical solutions. Thus, an ac
curate plate or shell model for sandwich structures is developed. Eventually, 
the skins and core of the sandwich plates were meshed with continuum shell 
elements [3]. The cohesive interface elements are inserted between the skins 
and the core for geometrical representation of the adhesive at the undam
aged region while them absence is considered as the result of the debonding 
process. A local damage ( disbonding zone) arbitrary form is located arbi
trarily along the skin-core interface of the sandwich. The damage is assumed 
to exist before the vibration start and to be constant during oscillations. 

3 Numerical results 

3.1 Free vibration of debonded sandwich plates 

Several numerical investigations were conducted to characterize the effects 
of size and location of delamination zone on natural frequencies and mode 
shapes. The influence of boundary conditions on the dynamic response was 
also studied. 

It can be noted that the natural frequencies and associated mode 
shapes of the debonded plates shift from healthy one. Generally, the ef
fect of delamination on the higher modes is gTeater than the lower ones, but 
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this effect does not exhibit a monotonously increasing trend as the mode 
number increases. The natural frequencies shift trends are found to be sim
ilar for both of foam and honeycomb cored sandwich pla.tes. However, the 
mode shapes patterns of frequencies shift predicted for them are different. 
Numerical results also showed that the natural frequencies decrease with 
increase of delarnination size and it is greatly dependent on the boundary 
conditions, that is, the more strongly the plate is restrained, the greater this 
effect on the frequencies. 

Finally, sandwich plates with debonding of arbitrary in-plane plac� 
ment (centrally and corner located, and with a two equal sized symmetri
cally located) at the given boundary condition type were investigated. By 
comparing these cases with respect to healthy plate the differences of mode 
shape patterns due to presence delamination zones were observed. The most 
differences were revealed for case with multiple delaminations. 

3.2 Free vibration of prebuckled sandwich plates with delamination 

A new combined static/dynamic damage detection technique presumes that 
under the sustaining static load, changes of dynamic responses due to darn
age are more pronounced and, therefore, easer to be detected [5]. 

In the present work free vibration analysis of debonded sandwich plates 
relative to static prebuckled state were investigated. It needs to notice that 
at the static prebuckling state there was no separation between the skins 
and core in the debonded region. Thus, global buckling configuration of the 
sa .ndwich plate was adopted as its reference state. The effect of compres
sive static load on the natural frequencies and mode shapes of debonded 
sandwich plates were estimated. 

4 Some applications to non-destructive testing 

The results reported above can be especially useful in providing a way 
of non-destructively detecting and evaluating delarninations in sandwich 
plates. The presence of damage is indicated immediately from changes in 
the natural frequencies. Location and severity of damage can be assessed us
ing sensitivity of natural frequencies to changes in the stiffness of a structure 
that is calcula.ted from the mode shapes of healthy and darnaged structures 
[2]. The presence at the particular high frequencies a local independent vi
bration at the debonding zone can be utilized to the damage detection by 
vibrothermography and thermoelastic emission methods [6]. 
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5 Conclusions 

The influence of skin-core debonding effect on the vibration responses of a 

damaged sandwich plates is studied by comparing numerical results of free 
vibration analyses both perfect and debonded sandwich plates. Conclusive 
point from these investigations seem to be that (1) the natural frequencie.s 
of a degraded structure will usually decrease due to the loss in stiffness 
caused by the damage, (2) the higher mode frequencies and mode shapes 
are more sensitive to the damage than the lower ones. Such observations 

can be useful in the development of damage indices for debonding detection 
using vibration based technique. 
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